One of the greatest challenges facing military personnel deployed to combat zones is the threat of improvised explosive devices (IEDs). In spite of advances in IED detection technology, one of the best defenses against IEDs is the vigilant Soldier. The present study compares the vigilance performance of those who were provided knowledge of results (KR) during vigilance training, to those who did not have knowledge of results, using a video game-based vigilance task. KR was effective in improving vigilance, both during training and during a subsequent test phase in which no feedback was provided. These results indicate that video game-based methods may be useful for training sustained attention.
INTRODUCTION
For military personnel, the ability to sustain attention for prolonged periods of time can mean the difference between life and death. However, there is evidence from both laboratory and field studies that vigilance tends to declines with time on watch (See, Howe, Warm, & Dember, 1995) . Research has also shown that vigilance tasks also impose considerable workload and stress on those who perform them (Warm, Parasuraman, & Matthews, 2008) .
Due to its importance in operational settings, there have been efforts to develop training procedures for vigilance. The most common method is to provide observers with knowledge of results (KR) regarding their performance. KR has been shown to improve performance both during training as well as during a testing session in which the feedback has been withdrawn (Becker, Warm, & Dember, 1994; Szalma, Miller, Hitchcock, Warm, & Dember, 1999) . However, KR's effectiveness has also been found to be task specific. For instance, positive transfer of training tends to occur if the task type used in the training and the actual task are of the same category (simultaneous /comparative judgment) vs. successive/absolute judgment; Becker et al., 1994; Szalma et al., 1999) . Thus, some degree of fidelity (in terms of the representative elements of the task) between the training and actual task should be preserved for training to be effective.
A Vigilance Task Using Dynamic Stimuli
In general, interfaces that offer some degree of fidelity and reproduce task element representative of aspects of operational environments result in better training outcomes (Tichon & Wallis, 2010) . Thus, to increase the likelihood that training would transfer to IED detection in combat zones, the task used for training should include the representative elements of an IED detection task. For instance, the training may include dynamic stimuli that include searching for objects while moving through an environment, instead of the static, relatively simple stimuli used in many laboratory-based vigilance studies. A video game platform may be a promising option to devise such a task. However, the virtual environment found in most video games may be too perceptually stimulating, and may not produce the performance decrement observed in many vigilance tasks. The goal for the present study was to determine if a video game-based platform could be used to develop a training regimen for sustained attention that captures important elements of the detection task.
The hypotheses of this study are as follows:
Hypothesis 1: Despite the perceptually stimulating virtual environment characteristic of video games, the typical vigilance decrement would be observed.
Hypothesis 2: Knowledge of results (KR) during training phase would offer some protection against this decrement. Overall vigilance performance (i.e. proportion of hits and number of false alarms) in the KR condition would be better than that in a No-KR control condition.
Hypothesis 3: Because the feedback provided in the KR condition is directly related to the task (i.e., the physical characteristics of the stimuli to be detected), the effects of training would transfer to the testing phase.
METHOD Participants
Participants were from a large southeastern U.S. university and from an army base in southeast U.S. They were aged between 18 to 49 years (M=22.79 yrs, SD=5.09 yrs). There were a total of seventy-seven participants (62 males, 13 females, 2 unrecorded). For the student participants, course credit was awarded in exchange for participation.
Task
The task required participants to detect IED indicators as they 'patrolled' through a stretch of route in a geo-typical Afghan village environment. Participants could not modify the pace of movement or patrol route as these needed to be standardized across participants and so were set by the program. To indicate that they had detected the IED indicator, participants 
Proportion of IED targets detected
Training phase. Results of the 2 X 5 mixed factorial ANOVA showed a significant main effect of KR condition, F(1, 75)=18.71, p<0.0001, and Block, F(4, 300)=3.02, p=0.018. Post-hoc tests showed significant differences between Blocks 1 and 4 as well as between Blocks 3 and 4. There was no significant interaction effect. As shown in Tables 2 and 3, participants who received KR achieved higher detection scores than those who did not receive feedback, and across both conditions participants detected more targets with time on watch (see Fig. 2 ). Test phase. From the 2 X 8 mixed factorial ANOVA, it found that only the main effect of KR condition was significant, i.e. the KR condition obtained a higher proportion of hits compared to the No-KR condition, F(1,75)=6.416, p=0.13 (see Table 4 and Fig. 3 ). There was no significant interaction effect. 
Number of False Alarms
Training phase. The ANOVA indicated a significant main effect for Blocks, F(2,184)=7.27, p<0.001. Furthermore, there was also a significant Block X KR interaction, F(2,184)=2.74, p=0.029 (see Table 5 and Fig. 4) . The main effect of KR condition was not significant.
Tests for the simple effects of block within each KR condition indicated a steeper decline in false alarms over blocks in the KR condition relative to the no-KR condition (see Figure  3) . Examination of the simple effects revealed significant differences in KR condition in Blocks 2, F(1,400)=8.69, p=0.00034, Block 3, F(1,400)=11.75, p=0.00067, and Block 4, F(1,400)=3.99, p=0.047 (see Table 6 ). Test phase. Analyses of the incidences of false alarms committed in the testing phase with the 2 X 8 mixed factorial ANOVA showed only a significant main effect of KR, F(1, 75)=4.16, p=0.045 . No other effects were significant (p>0.05 in each case). As can be seen in Table 7 and Figure 5 , participants who experienced the KR condition during training committed significantly fewer false alarms during the test phase (when KR had been withdrawn) than those who had not received KR training. 
DISCUSSION
The results of this study supported some hypotheses but not others. Findings of a significant main effect of Block, specifically with a decreasing trend in performance across the Blocks would be in support of hypothesis 1, namely that a vigilance decrement would be observed even in a video game-based vigilance task. However, although the main effect of Block was observed to be significant on both measures of vigilance performance in the training phase, the decreasing trend was not observed. Instead, performance improved over Blocks (i.e. proportion of signals detected increased and number of false alarms declined). Moreover, the absence of a significant main effect of Block in the testing phase, which followed the training phase, indicated the absence of a performance decrement as well. It is possible that the perceptually rich virtual environment may confer a similar type of protection against the decrement as that afforded by cognitive vigilance tasks (Montague, Webber, & Adams, 1965; Warm, Howe, Fishbein, Dember, & Sprague, 1984) . The second hypothesis regarding the potency of KR in enhancing vigilance performance received was confirmed. The KR condition was associated with higher proportions of signals detected and lower incidences of false alarms relative to the No-KR condition.
Finally, the results supported the hypothesis that the benefits from receiving KR would transfer into the testing phase. The higher proportion of hits noted in the KR condition in the training phase relative to the No-KR condition extended to in the testing phase. Likewise, the low incidence of false alarms in the KR condition compared to the No-KR condition as seen in the training phase also continued into the testing phase.
To conclude, the present study demonstrated the feasibility of designing a vigilance task using a video game platform and investigated the effects of feedback on vigilance performance. Future empirical efforts should include investigation of the effect of different types of feedback in training sustained attention, as well as examine the impact of various elements of the dynamic virtual environment on vigilance performance.
